We describe a method for measuring the size of the S-phase fraction in human tumor tissue sections using an antibody to PCNA (PClO). Although treatment with Triton X-100 before furation extracted a large amount of PCNA from the cells even in frozen tissue sections, PCNA remained exclusively in S-phase cells. Immunohistochemical staining of PCNA after the detergent treatment allowed estimation of the S-phase fraction in solid tumors. The validity of the method was directly proven by double staining of bromodeoxy-
Introduction
Measurement of cell proliferation activity is useful not only in estimating biological behavior but also in developing individual therapeutic protocols for patients with malignant tumors. The recent development of antibodies against cell proliferation markers makes it easy to assess the proliferation activity of human tumors. Monoclonal antibodies (MAb) to proliferating cell nuclear antigen (PCNA), an auxiliary protein of DNA polymerase 6 (3), facilitate estimation of the growth activity of human malignant tumors in formalinfixed, paraffin-embedded tissue sections (1, 8, 15) . Although it has been reported that S-phase cells show a characteristic staining pattern (4-6), from the practical standpoint it has been difficult to discriminate S-phase cells from those in other phases of the cell cycle in tissue sections. In paraffin-embedded tissue sections, some controversy still exists concerning the relationship of PCNA content to the cell cycle. Although the S-phase fraction has the most reliable prognostic significance, it is still difficult to determine the S-phase fraction in human solid tumors without the use of DNA precursors such as bromodeoxyuridine (BrdU) and [3H]-thymidine. The immunoreactivity of PCNA depends on the type of fmtive and antibody used (6, 7, 9) . These are some of the reasons why codicting results are reported concerning the relationship between PCNA immunoreactivity and the cell cycle. It has been suggested that there are two populations of PCNA, i.e., bound PCNA and free PCNA, PCNA Bromodeoxyuridine; S-phase fraction; Cell cycle; Solid tumor; Tissue section; Triton X-100; Immunohistochemistry.
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and that free PCNA is easily extracted from the nucleus by incubation of cells in Triton X-100 (4,9-11). After treatment with such a detergent, PCNA was demonstrable only in S-phase cells, as previously proven by flow cytometric analysis (9,ll) . If the procedure can be adapted to tissue sections and/or smear specimens, the S-phase fraction could be readily estimated in an individual case using an antibody to PCNA alone.
In this study we have developed a protocol for estimating two different parameters of cell kinetics in tissue sections by staining PCNA.
Materials and Methods

Cells.
We used HeLa cells cultured in Dulbecco's modified Eagle's medium supplemented with 10% calf serum at 37'C in a humidified atmosphere of 5 % CO2 in air. The percentage of S-phase cells was approximately 35% under these culture conditions. Cells were grown in a Lab-Tek chamber (Nunc; Naperville, IL) under the normal culture conditions mentioned above. BrdU 10 pg/ml (Sigma; St Louis, MO) was added to some of chambers to label S-phase cells for 10 min.
Tissue Sections. To examine the effects of treatment with Triton X-100 (Nacalai; Tokyo, Japan) on PCNA stainability for tissue sections, we used frozen sections from five cases of ovarian adenocarcinoma and one case of uterine cervical squamous-cell carcinoma. Small tissue specimens from carcinomas were embedded in OTC compound (Miles; Elkhart, IN) and sectioned serially at 5 pm with a cryostat according to the conventional procedure. Table 1 ). PCNA in slides (E) before and (F) after treatment with 0.1% Triton X-100. The PCNA score is dramatically decreased by the detergent treatment. PCNA scores are 13.2% and 6.6% before and after such treatment.
An ABC method was adopted for sfaining cellular PCNA. Briefly, all sections transferred into methanol containing 0.3% Hz02 were incubated for 10 min to inactivate endogenous peroxidase activity. To prevent nonspecific binding of antibody, the sections were covered with 10% normal goat serum in PBS for 20 min at room temperature (RT). The diluted MAb was applied to the slides overnight at 4°C or for 1 hr at RT. Sequentially, biotinylated anti-mouse IgG antibody (Seikagaku; Tokyo, Japan) and ABC complex (Seikagaku) were applied to the sections. Immunostaining was developed using DAB as substrate, and sections were lightly counterstained with hematoxylin. 
Results and Discussion
HeLa Cells
PCNA was demonstrated in almost all cells (>95%) on the slides without detergent treatment, and there was little difference in the stainability of PCNA among the cells (Figure 1) . The percentage of PCNA-positive cells corresponds to the growth fraction in slides fixed in either methanol or paraformaldehyde without detergent pre-treatment, because it is now widely accepted that PCNA is not expressed in resting cells but only in proliferating cells (2,5). In fact, the PCNA score in HeLa cells was very close to that of Ki-67 in the previous experiment (13) . There was a difference in the PCNA staining pattern among cells without incubation in the detergent solution. It was impossible to discriminate between these two populations, not only in cells on slides but also in tissue sections fixed with either methanol or paraformaldehyde without the pre-fmtion treatment, as shown in the present study. In contrast, treatment with Triton X-100 reduced the percentage of PCNA positive cells, as illustrated in Figures 1A and 1B . PCNA was detected only in a part of the cell population (35% average) after detergent treatment. In slides stained doubly with anti-PCNA and anti-BrdU antibodies, cells with phycoerythrin fluorescence coincided with those stained with F I X and vice versa ( Figures 1C and ID) . This finding suggests that after treatment with Triton X-100, PCNA is detected exclusively in S-phase cells. It can be concluded that the treatment with Triton X-100 before fixation enables estimation of the S-phase fraction of a cell population even in tissue sections and smears. The results are in agreement with flow cytometric data described previously (11) . Our data also suggest the possibility that there are at least two kinds of PCNA, bound and free PCNA, in the nucleus. Incubation with detergent such as Triton X-100 extracts a considerable amount of PCNA from cells and eventually PCNA remains detectable only in S phase cells (4,9-11). PCNA unbound to nuclear structures is readily extractable from the nucleus with Triton X-100, whereas bound PCNA is resistant to the detergent (11) . Treatment with Triton X-100 removes SO-90% of the total PCNA in the case of HeLa cells (11) . PCNA preserved after the detergent treatment forms a stable complex with DNA replication domains during S-phase (4,9,10,11).
Tissue Sections
Although there was a little regional variation in the percentage of PCNA positive cells, it was easy to discriminate PCNA-positive cells from negative cells and to determine the PCNA score in tissue sections as well as in HeLa cells. The percentage of PCNA-positive cells before treatment with Triton X-100 paralleled that after the detergent treatment (Table 1) . A regression line could be obtained by the least-squares method as follows:
where Y and X are PCNA scores before and after detergent treatment, respectively, and Y is the correlation coefficient (Figure 2 ). This formula approximates to the equation,
which was obtained from the relationship between Ki-67 and BrdU labeling indices in human solid tumors (12) . These two formulas suggest a close correlation between the growth fraction and the S-phase fraction in solid tumors. The PCNA staining technique described here provides particular advantages in the analysis of growth characteristics in human tumors, since we can readily obtain at least two cell kinetic parameters, the size of the S-phase population and the growth fraction of tumors, with neither complicated procedures nor DNA precursors. PCNA is an endogenous proliferation marker. Therefore, it will be a powerful tool for estimating growth activity of human tumor tissues. However, the estimation of growth activity by PCNA staining may be not valid in cells whose proliferation is perturbed by anti-cancer drugs (6,11,16 ). In this study, the PCNA score was not different between frozen tissue sections fixed with paraformaldehyde and methanol. The treatment with Triton X-100 followed by methanol fixation reduced the PCNA score to the S-phase fraction from the growth fraction.
Although the immunohistochemical staining of PCNA is applicable to archival paraffin-embedded tissue sections, the PCNA score sometimes appears to be too high in formalin-fixed, paraffinembedded tumor tissue sections compared with the growth fraction estimated by other methods (6,16). There is a possibility that the PCNA score may overestimate the growth fraction in paraffinembedded tissue sections of solid tumors, since a fraction of noncycling cells is PCNA-positive (4,14,16). Furthermore, it is likely that the choice of the antibody is also critical, since the stainability of PCNA depends on the type of antibodies (6,7,9). The PCNA score with an alternative antibody requires cautious interpretation.
